INTRODUCTION
The mountain and foothill regions of Alberta are underlain by large deposits of coal. Past and present mining operations have resulted in the removal of large quantities of overburden and its subsequent dumping on adjacent areas, resulting in large areas that are devoid of vegetation and soil. Revegetation of disturbed areas anywhere is usually difficult because of the extreme physical and chemical properties of the substrate which limit seedling establishment and plant growth (Bradshaw and Chadwick, 1980; Bradshaw, 1983) . In the alpine and subalpine environment, the short growing season and soil movement by frost action exacerbate this problem of vegetation establishment and make survival difficult.
A study of natural plant invasion and succession on disturbed sites is of significance because early colonizers are usually well adapted to the extreme conditions of the substrate and their utilization in reclamation schemes would be beneficial (Chambers et al., 1984) . There have been few studies specifically devoted to the development of natural revegetation and the physical factors affecting plant colonization on abandoned mining sites in the Rocky Mountains of Alberta (Root, 1976; Headdon, 1980; Russell, 1985; Russell and La Roi, 1986 ). In other mountain areas some studies have also examined the natural revegetation of coal and metalliferous waste areas (spoils) (Alvarez et al., 1975; Errington, 1975; Wagner et al., 1978; Chambers et al., 1984) as well as other types of disturbance (Mackey and DePuit, 1985) . Also of some relevance are several lowland studies on natural colonization processes on coal waste areas (Bramble and Ashley, 1955; Brierley, 1956; Brewer and Triner, 1956; Schramm, 1966 There these two species form mixed stands with Larix lyallii and Pinus albicaulis on moist north-facing and drier south-facing slopes, respectively. Generally, the continuous forest ends above 2,000 m and above that there is a wide belt of alpine vegetation (Ogilvie, 1978) . Plant species nomenclature follows Moss (1983).
SPOIL ANALYSIS
All spoils within the subalpine and alpine belt of this study area were sampled. These spoils were divided into two categories according to age, older than 30 years and younger than 5 years. This categorization was used to study the development of soil and vegetation that occurred over time. Spoil samples were collected from the 10 mined sites listed in Table 1 (Bouyoucos, 1962) . Spoil moisture retention at -0.033 MPa and -1.5 MPa was determined using a pressure membrane apparatus (Richards, 1965) . Available moisture storage capacity was calculated as the difference between -0.033 MPa and -1.5 MPa.
Bare spoils, colonized spoils, and adjacent undisturbed forested sites at Ribbon Creek were sampled weekly throughout the growing season to determine the actual moisture content, using the gravimetric method. The pH was determined by glass electrode using a 1:1 spoil: distilled water suspension. Both available and total concentrations of nutrients were measured in order to determine the immediate and long-term fertility status. Available nitrogen (N03-N), sulphur (S04-S), phosphorus (P), and potassium (K) were determined on ammonium acetate extract, using the procedures of McKeauge (1978) . Total N was determined by the macro-Kjeldahl method. Total P was measured calorimetrically using the ascorbic acid reduction method on the nitric acid/perchloric acid extract. Total K, calcium (Ca), magnesium (Mg), sodium (Na), manganese (Mn), and zinc (Zn) were determined on a concentrated HNO3 extract by atomic absorption spectrophotometry (Perkin-Elmer Corp., 1971).
VEGETATION ANALYSIS
At each site, a complete list of colonizing species was compiled. The cover value of each species was estimated using the modified Daubenmire canopy coverage scale (Daubenmire, 1959) The canopy coverage classes are: 1 = 0-0.5%; 2 = 0.6-1.0%; 3 = 2-5%; 4 = 6-25%; 5 = 26-50%; 6 = 51-75%; 7 = 76-95%; 8 = 96-100%. The midpoints of a percentage coverage classes were used to calculate the mean percent cover for each species. Sociability estimates were made using Braun-Blanquet's scale: (1 = growing singly; 2 = forming slight clumps; 3 = forming small patches; 4 = growing in large patches; 5 = forming extensive pure populations). Persistence was calculated as the number of sites where the species occurred divided by number of sites in a given age group. Where small patches occurred, vegetation was sampled randomly by M-2 quad- high on most of the sites. Poor availability of N, P, and K, however, suggests the mineral bound nature of these elements which are not readily available for immediate plant uptake. Levels of Ca were variable (4-4019 mg kg-'), about 80% of the samples containing < 100 mg kg-1, indicating Ca deficiency in the area. Mg (900-8367 mg kg-') was present in high concentrations. The Ca:Mg ratio is probably also too low for many species. Na (967-10032 mg kg-') was also present in high concentrations. The Mn (2-565 mg kg-') and Zn (61-259 mg kg-') concentrations appeared sufficient for plant growth (Tiedemann and Lopez, 1982) .
The older sites had a significantly reduced coarse fraction (P < 0.01), higher clay content (P < 0.05), greater moisture retention at -1.5 MPa (P < 0.01), and had a higher concentration of available N (P < 0.01), P (P < 0.001), K (P < 0.1), and S (P < 0.01), as compared to younger sites. The total concentration of N was also higher (P < 0.05) at the older sites.
Colonized spoils (Table 3 ) had a significantly higher soil moisture retention at -0.033 MPa (P < 0.01), -1.5 MPa (P < 0.05) and a greater range of water availability (P < 0.01) than bare spoils. Levels of available N (P < 0.1), P (P < 0.01), K (P < 0.001), S (P < 0.01), and total concentration of N (P < 0.1) and P (P < 0.05) were also significantly higher on colonized spoils (Table 3) . It is not clear whether these differences are caused by the autogenic effects of colonizing species or by small-scale variation in physical and chemical properties of spoils which may influence germination, establishment, and persistence of invading plant species.
A total of 131 taxa were found growing on the coal spoils under study. Of these, 8 species were trees, 28 species were shrubs, 29 species were graminoids, and 66 species were forbs. Older sites in the subalpine belt had greater species richness than younger sites (Table 1) The frequently colonizing species from each location and spoil age group were ranked according to their percent cover, sociability values, and persistence in order to identify the most important pioneering species (Table 5) 
DISCUSSION SPOIL PROPERTIES
The physical and chemical factors that may limit vegetation establishment and survival include high temperature on the spoil surface, moisture stress, a limited supply of nutrients (N, P, K, S, and Ca), and higher concentrations of Mg and Na. Of these factors moisture stress and nutrient deficiency seem to be the most important.
Most of the spoils in this study were of relatively coarse texture. Such spoils undoubtedly experience rapid infiltration and permeability of water, low water-holding capacity, surface drought conditions, and at least some periods of moisture stress for plant growth. Moisture availability data on bare and colonized spoils also indicated moisture deficiency on both vegetated and unvegetated coal waste areas. This moisture deficiency may limit seed germination and establishment to favorable spots such as depressions or cracks during spring and early summer. Availability of moisture has been identified as an important factor for seed germination and establishment on coal spoils in Alberta (Lesko, 1975) , the interior of British Columbia (Errington, 1975) , and on colliery spoils and china clay waste areas in England (Bradshaw and Chadwick, 1980 ). It has also been shown that coal spoils dry out quickly after rain and new seedlings often die because of surface drought conditions (Thompson and Hutnik, 1971) .
Coal spoils in the present study area have a potential to attain lethal surface temperatures. Maximum surface temperatures of 60"C were recorded from other Canadian Rocky Mountain areas (Harrison, 1977) . Such high temperatures may affect the survival of colonizing plants through either soil moisture stress (Headdon, 1980) or the heat girdle effect (Schramm, 1966) .
Results of the nutrient analyses indicate general nutrient deficiencies of N, P, K, S, and Ca in the study area. Low concentrations or availability of N and/or P have been reported from other coal waste areas and have been known to limit the growth of native and introduced species (Davison and Jefferies, 1966; Schramm, 1966; Berg, (1971) has shown that species richness on coal waste areas is related more to spoil acidity than to age. Coal spoils in this study have a favorable pH so that acidity is not a factor. The relationship between species richness, spoil age, and mine area is probably related to amelioration of spoil moisture and nutrients over time.
Most of the species found in the present study are those commonly associated with dry habitats such as scree slopes, talus slopes, or gravel bars. Some of these species are also characteristic of other disturbed sites such as road banks and trails in the subalpine and alpine belts (Moss, 1983) . A few are also pioneers on recently glaciated moraines and outwash and these include Dryas drummondii, Dryas octopetala, and Salix spp. in the Canadian Rocky Mountains (Heusser, 1956; Tisdale et al., 1966) . There is also some species similarity between the present study and other high-altitude coal mined areas of Alberta (Root, 1976; Russell, 1985; Russell and La Roi, 1986) , the interior of British Columbia (Errington, 1975) , and metalliferous mined areas of southwestern Montana (Chambers et al., 1984) . These species similarities indicate that coal waste areas are colonized by species with certain ecological characteristics that enable them to tolerate the adverse substrate conditions. Some of these characteristics are: low growth-forms, vigorous vegetative reproduction, and the ability to tolerate low nutrient levels and low moisture conditions.
The low growth-form is probably an adaptation to the harsh physical nature of the substrate. By growing close to the substrate, species such as Dryas drummondii, Arctostaphylos uva-ursi, Juniperus communis, and Rubus strigosus shade the surface, thus greatly reducing the surface temperature fluctuations and moisture losses by evaporation, and provide some protection to their buds from desiccation on wind-exposed sites. It is also possible that these growthforms may trap wind-blown soil material and thus improve soil quality under the canopy.
Most of the species listed in this study (Tables 5 and 6 ) are perennial in nature and reproduce vegetatively. These traits permit continued occupation of severe sites for a longer time period as seed production, germination, and seedling establishment is opportunistic and limited to favorable years on high-altitude disturbed sites (Brown et al. 1978) . The common means of vegetative reproduction are by rhizomes, layering, and rooting of stem and root fragments, achieved by rhizomatous or bunch type growth habit. A rhizomatous growth habit ensures rapid growth and stable cover onto exposed, unstable, contiguous areas during favorable conditions. However, this growth habit also isolates individual ramets (by detachment of the primary rhizomes) during periods of stress and exposes them to mortality (Brown, pers. comm., 1992) .
A bunch growth habit, a characteristic of Deschampsia cespitosa, Poa alpina, and many others, can also be important for plant survival on severely stressed sites. This characteristic provides a protective cover to the meristemic tissues in the plant canopy architecture of the plant during periods of stress. At such time some culms are sacrificed and lost but are rapidly replaced by lateral buds when conditions improve. This vegetative adaptation probably leads to two distinct advantages: 1) it ensures survival of the species for as long as possible, and 2) it allows lateral extension and spread onto new territory as older portions of the culms die off (Brown, pers. comm., 1992). Thus, both rhizomatous and bunch growth forms are successful in the study area and any revegetation attempt should take both into consideration.
High cover and persistence values of certain species on nutrient and moisture deficient spoils suggest that such species have low nutrient requirements. Low nutrient habitats are usually colonized by species that have low relative growth rates, high root: shoot ratios, and a large root biomass usually associated with mycorrhizal fungi (Chapin, 1980). These adaptations enable colonizing species to maximize the nutrient uptake and ensure high nutrient use efficiency in low nutrient environments. Once the initial colonization has occurred, some soil development is initiated as succession proceeds (Bradshaw 1983). The same process was observed on the coal waste of the present area, in particular the build up of nutrients at older sites (Table 2) reflecting the weathering of soft shale and sandstone and the release or accumulation of deposited N, P, K, and S. An increase in total N could be related to one or more of the following factors: release from rock waste, an increase in biological movement due to plant activities, or N-fixation by free-living microbes.
Results reported here agree with previous studies that over time the coarse fraction weathering of spoils results in an increase in the fine earth content (Down, 1975a) and the release of N, K, and Ca (Down, 1975b; Johnson et al., 1982) . The difference between colonized and bare spoils (Table 3) 
SIGNIFICANCE OF NATIVE SPECIES IN REVEGETATION
Current revegetation practices for mine waste reclamation involve the use of agronomic species which produces exotic communities with limited species diversity. In subalpine and alpine environments the performance of these exotic species is limited because they are apparently unadapted to the cool, short growing season and frequent killing frosts characteristic of this area, and the extreme topographical and physico-chemical conditions of the substrate. have shown that agronomic species do not survive in the alpine areas of interior Alaska. The superiority of native plant species over nonnative species in providing durable plant cover, density, and persistence in alpine areas has been demonstrated by Brown andJohnston (1980). Species identified in Table 7 are believed to be adapted to the coal waste areas of subalpine and alpine belts of Alberta, because of previously mentioned characteristics. The present study indicates the value of these species for the restoration of disturbed sites in the Rocky Mountains of Alberta. At the present time, however, seeds or planting stock of the native species are not commercially available. Moreover, seeds of many native shrubs, e.g., Amelanchier alnifolia, Arctostaphylos uva-ursi, Juniperus communis, Rosa woodsii, Rubus strigosus; grasses, and forbs, e.g., Epilobium angustifolium, possess a seed coat and/or embryo dormancy and require different environmental conditions for germination. These obstacles can be overcome with the development of techniques to induce seed germination to produce plants in nurseries so that they may be propagated on a commercial scale (Peterson and Etter, 1970; Bradshaw, 1983 ).
There are alternative approaches which would also facilitate the introduction of native species on disturbed areas: (Bradshaw, 1983) . It has been shown that planting of native and non-native species on a 12-year-old surface-mine area in southeastern Kentucky has improved the edaphic conditions of the substrate and facilitated the invasion and establishment of pioneering herbaceous species (Thompson and Wade, 1991) . 3. Fertilization of the spoils to overcome nutrient deficiencies may also facilitate the natural invasion and establishment of pioneering species. Kimmerer (1989) has shown that fertilization of Pb-Zn mine waste in Wisconsin caused an increase in ruderal species. In the long-term these approaches would be more economical and would have fewer regression problems which could lead to failure.
Because of large variations in spoil properties, it is essential to adequately sample and assess the planting potential of plant species on spoils prior to any reclamation/revegetation programs to avoid problems with seed germination, seedling establishment, and survival.
Coal waste areas are usually deficient in moisture availability, which is the most critical factor during the vegetation establishment phase. Cost effective methods must be developed to enhance the moisture availability on coal mine spoils. Surface modification treatments, such as the use of topsoil and subsoil, incorporation of organic material with spoil material, and the creation of favorable microsites are some of the potential methods of enhancing soil moisture availability on these sites.
It is suggested that the use of native plant species in combination with topsoil seed banks for revegetation should be further explored. There is merit in returning these high-altitude disturbed areas to their original ecological setting as closely as possible.
